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^> ( 57 ) Abstract: A process for producing CMP-N-acetyl neuraminic acid (CMP-NeuAc) characterized in that yeast cells, N-acetyl- 
S g luc °samine-6-phosphate 2-epimerase (GlcNAc-6P 2-epimerase), N-acetylneuraminate lyase (NeuAc lyase) and CMP-N-acetylneu- 
^ raminate synthase (CMP-NeuAc synthase) are added to a reaction system containing N-acetylglucosamine (GlcNAc), pyruvic acid 
(S| and cytidine-5' -monophosphate (CMP) and reacted. Another process for producing CMP-NeuAc characterized in that yeast cells, 

OGlcNAc-6P 2-epimerase, NeuAc synthase and CMP-NeuAc synthase are added to a reaction system containing GlcNAc and CMP 
and reacted. 
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(57) 

f ^y(G 1 cNAcK f/V-t*^^ 
43 J: XI is f- is ^ 5 * -^/^^(CMD^tttSS^^i:, 

cNAc-6P 2-^t°*7—-£) y N-Ttf;!//05yK!J7 
— -tef ( N e uAc y T — if ) x fcit/CMP-N-Ttf /U/^ 7 ^ 
&v-Vi=r*~-if(CMP-Ne u A c ■> y t ^ -f ) Sr iAD L , S & £ 
-fr^^ t & # ft £ i" 5 , CMP-N-T-fe^uy-f^ ^ > & ( C M P 
-Ne uAc)Wlilft^lt5'b©t'fc5, 

£ , # 3§ P^te . Gl c NA cJoit/CMP^^ttSS^^I^ 
g| -& ® , GlcNAc-6P ^7— if, N e u A c is is 

t^-f ioirfCMP-Ne uAc->yt^-f Sr^JPL, K £ ii: 
5:i5r#Sttt5, CMP-Ne uAc^Siit&tdgii-StCDT-*) 
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m m m 

(CMP--Ne u Ac) (D&&$nfcMB&i3Wr& fctf>T££o 

^tti^iJ6Tl^o f l' T fe , * *gj (3 N - 7 -t 5F- ;i/ / -f 7 5 > 
(NeuAc) *^to^r;PB6^WttfJlltt, IBIia«*^»»>^;^0!)a5g!.(D|R<z)5 

^7)im^mmmu. ~mzi/7)mmmm<Dm&wmz& oMsns. 

'>TJ^I^^t*CMP-N-T-fe^JUy-f 55>$S (CMP-Ne u Ac) 
L^L/«c^e>. LTfflUSCMP-N e u A c tt, IHfjtlCjSSfiTe, 

CMP - NeuAc(DMii:bT!i, x^^>5' - h 'J U >fg (CTP) 
£Ne uAc^IIibTCMP-Ne u Ac > >-fe^ — tf<7)feM&(Ccfc 0 ftfJcf 
<2>2/'& (Appl. Microbiol. Biotcchnol. , 44, 59-67 (1995)) rtfftl^JlT^Si&t, 
-t©Ki*4£ft*CT P&tfN c u Ac fi&fitliT ^ne>&rftt£ftii*4<t L 
TftftJc $ * ifc CMP-Ne u Act) ffifillife £ te «=> 2*3 I >o 

Miii> /h&^lCchU, ^D^VIfcA^C/'J 5 ' ... HJU>ifc (UTP) 
^CD^Itk&fjoBrcvi bacterium aunoniaKcncsi&tt. UTP^bCT P^?/M 
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bi & £ Mi M-f&C T P f Y tic iff & & ft. M "T 2> Hi Ift A A" ift *s J; C M 1 > - 

ncuac^«^ -r & m & a a jib #i & ft x , -Au?->mt. 

N c u A c &)fi*4<h HC M P — N e u A c Srff/iKi MSB £ 
(Appl. Microbiol. BiotcchnoL, 53,257-261, (2000)) , U&jHiiZ* MffiUCTP 

-f , Ikfzfomt L/TlteN cuAc &%mt LTl>£ d <fc^£ fc#gJHW&2/& 
NcuAc WMi&lZflH LTte, is7)im<D&fim-e$>Z>Zin i >pfc& 

S?3&£*ljffi Vtzimt UTte, ( 1 ) NeuAc'J T— fc? SfcteN e u A c > 
>-fe^-- fcf£fflV>T, N-7-fe^;l^>y-tJ-$ > (ManNAc) fr£>Mj|rt3 
(J. Am. Chcm. Soc. ,110, 6481 (1988). J. Am. Chem.Soc. , 110, 7159(1988), 4$f8| 

¥io-496i#) , (2) 7;i/*ijwe, N-7-t^;u^;U3-y-^ > 

(GlcNAc) £N-7--tz-3^I/-?>/+r^> (ManNAc) l^&^-tt, d 
ntCNe u Ac U7-t?if:ttNe uAc ->>-fc^— if $tTN e uAc 
£$i!jgt"5:#i£ 0KfIW5-21 1884, Biotechnology And Biocnginecr ing, Vol. 66, 
No. 2(1999), Enzyme Microb. Techno 1. , Vol. 20(1997)) , ( 3) GlcNAc^ 
£Ma n N A c ^ft$tti«EtSN - 7tf J^J^D-' > (G 1 cNAc) 
2 -Ilf/7- tftNe uAc U7-t*$f;ttNe u Ac >-fe^~ t?£J|| l> 
T, G 1 cNAcA^Uifiti-M (W095/26399, 4#PH 5 K-3- 1 801 90'v*, 4*l«200 
1- 136982^) W^llTl^. 

Lfr L&rt*b . ( 1 ) ©A-?£ttfiS»4"C*-6M anNAc rtWtlliT& 0 . ( 2 ) 

orjjmz, &muG i c n a c &rim£-?z>jjmT*tefoz>tf, c 1 c na c t. 

ManNAc Offififafr P,M anNAc &ttm-4'Z>:\ Mf)HnMT~$>2> t. \l l ,\m 
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ifi&-otZo KIOtC^-Tck^lc, (3) <D-Jj\&vy\\\,\%>G 1 c N A c 2 - X 

t:* ^-iftiAT P^^T^-S^:^, fftfilli&AT P &mi}W$'Z>?)\ fo&WWi 
& m tr > T A T P tf> fri T * -5 T -r X > ^ £ A T P £ 4- file $ if -5 21i rt* & 

< (3) <D#ft> 

i i 

GlcNAc -» ManNAc -> NeuAc 
(a) (b) 

(a) : G 1 c NA c 2 -Xk!;* v-if 

(b) : NeuAc U 7-if£fcteN e u A c x>-fe^— if 

Gl c N A c ^ISt lfc«I©^^ll:«tS 
NeuAc^Mlfct:^, Ne u A c ttH£*y£-&j*Sft&7&>o&#, 
GlcNAc^GlcNAc 6 - <J >fg (G 1 c N A c — 6 P) \Z 7 £&Zntz. 
:i^b, TtC^*TjgKt3j:«>G 1 c N A c A^ON e u A c M^Wi^^fcC 

^r<D^m. G 1 c NAc - 6 P 2 -Xtf*^ — izf (EC5. 1.3.9) *3«fctf 
NeuAc U T — if £fcteN e u A c ~> >-fe ^ — if ffiffi Sri8$i£ i± & <h 
NeuAc &i|iK$Ti^ £ Z> Z. t . St^M^tlii^i^AT P 

(0 ® 
GlcNAc— GlcNAc 6 - U >pg -> ManNAc 6 - U >F& 

(c) @*fctt<D 

-> ManNAc -* NeuAc 
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(d) e;u b* >r&£.fz ti*x *x j tf;u t* >r& 

(c) : &#JKlfc 

®:G1 cNAc-6P 2-Xtfy^-- tf 
© : Ne uAc U 7— if 
®:NeuAc ->>-fe^— if 

CMP-Ne u Aci$f&fclLs%fiofzft<DCTY>i5r&mZ'D^T. SfefiBi 
^CMP»t LTOfM-^tlcfc&CT P^CD«&£±Bt!N e u A c 

BfW©M$:ffl^fci:f(:ttCM P-NeuAc T^to^ Lrt^J}Jc$nft 

fr^>tz(D\zttLT, mmmw&m^z t&ium-vcMP - n e u Ac 

-5^<h^mUfc 0 N e u A c x>-fe^— tfM^l3^M^*X^xy-;i/ 

(pep) mmm><)(Dh(D&mm-?z>z. ixfomzw 

-rut>%, *$&mz* N-r-ti5r;i^;io+>-5> (gunac) , tfjwe> 
^^cfct/v^v>5 ' -^/u>r& (cmp) ^fjwr^M^^tc sh^m**, 

N-T-fe^Jl/^l/n-y-^ >- 6 U >|& 2 -1^7- tf (G 1 c NAc - 6 P 
2-Xtf^^-if) , N-T-fe^JUy-f ^5>^'J7-if (NeuAcUT- 
-tf) , *5<ttKCMP-N-T-fe^-;U/< 5$ >i-»t^- tf (CMP-Ncu 
Acy>t^- tf) &»]U d <h ^M^-t^ CMP-N-7t 

^;Py-Tv5>?g (CMP-Ne u Ac) WM&l'fMI-T & &<£>T&£ 0 

2t-5BH>J«, N-T-tr^;u^;Pn-9-5 > (G l cNAc) te^U^J-jy 

5' -tyuvi (cmp) &Kfomz. mmum. n-t±^)u^)i 

□ +J-^>- 6'J>f& 2-It77-t' (G 1 cNAc-6P 2-1^/7- 
if) , N- T-fe^^yi-^^ >pgi>>-tz^— tf (NeuAcyyt^-f) *5«fc 
tfCMP-N-7tf;P/-r 5-5 >pg?5>>-t^ — bf (CMP-Ne uAc 

^— tf) RJt^-e-s^t^atTa. cMP-N-7t^y-f7 
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5>J£ (CMP-NcuAc) <DmmiHZm-?2>*><DT*$>& 0 

ft m & *j*rr z>iznb<D m & <d nm 

A^mmCM P-NeuAc <Oi$f^fcimi&&fttt}lZ5£t VXV<D (A) 
NeuAc'J 7— -tffcffl^&A'Hit (B) N e u A c x >-fe^~ M&iWWzJjIk 
T&3 0 7i*3. (B) (Dfch&mz>&m<Dft7,7k2:y--)l,¥)l\i^ffi (PEP) 

f»$nscoT, j^jft^ic^x^xy— ;nf;nf>?& (pbp) &ayjn"r*&si 

(A) NeuAc'JT-M^fcM 



GlcNAc 

-1 

GlcNAc-6»J>» 

ManNAc-6«J>B 
MsmNAc ® 



(E. co/i) 



NeuAc 



CMP 



(Dry Yeast) 



CMP-NeuAc 



CDP 
CTP 
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(B) N e u A c >>-t&— tf&JIJt 



GlcNAc 

— 

GlcNAc-6«J>& 
ManNAc-6«J>& 



Glc CMP 



(E. coli) 



ManNAc— ^ 



NeuAc 




CMP-NeuAc 



±SB^BI (A) (B) \z&tfZ>$zm$MT(DZ.t$:MVkTZ>o 
®:G1 cNAc-6P 2-XH^7- tf 
©: NeuAc'J 7— if 
(S>: CMP-NeuAc ->>ir^-if 
®:NeuAc v->-fe^ — b* 
(1) g^^c^M 

±.12 (A) Rtf (B) (DJK^{i»i-r-&N-7-fe^;u^;un+>-5 >- 6 U > 

^ 2-Xfcfp<-7-if (G 1 cNAc-6P 2-Xt?*^-if) £fi, ±Jc!®c7) 
GlcNAc 6 - »J >F&/^£M anNAc 6 - U >Pg^CD«KJtc.^f«T^ 
?5f±^r^^)fe(D^;Ei*L, _|-.B'B (A) Q)Uim\zmx\-?Z>N-TAL?-)i;'1 =y 
^ >?£ U 7 — tf (NeuAc U T— -tf) £ fi, ±M®<DM anNAc t fc?;Utf > 
W.^.^M.t. LIN e u A c ^^/ilcTSjbclt^ttttt-rsfS-tt^Wrs t>(D^t* 
U J.-.R! (B) (Dm&mzmi\rt'&N~T^)lJ ^ ? ^>ffiis >■£.*?— if (N 

e u Ac x>-fe#— if) j-ftJSDroM a n a c £*x*x/---;u t°;ut*>rig 

I) 
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(PK P) &>mt LTN c u A c &ftm?&fcfo&MWT&ffift&-tr4'Z>b<D 

&&i*u mm (a) ms (b) (Dk^^ic^jti-r^cMp-N-T-tr^-^y-r 

7$>lty>t^ -if (CMP-NcuAcy/t^-f) £ te, .hSEXDO N c 
uAc fcCTP4ISttTCMP-Ne u A c £&J&T6JKJfo£fefeM£-t 

©fe©*fliffl-r«»a>^Sffp-&T*S. ^£$IEfcl&<Z>G 1 c N A c - 6 P 2 -X 

Bacteriol. , 181,47-54, 1999, J. Bactcr iol . , 181 , 4526-4532, 1999. Nucleic 
Acids. Res., 13, 8843-8852, 1985, Agric. Biol. Chcm. , 50, 2155-2158, 1986, FEMS 
Microbiol. Let t. , 75, 161-166, 1992, J.Biol. Chen., 271, 15373-15380, 1996, J. 
Biol. Chcm. , 264, 14769-14774, 1989, J. Bacteriol. , 1 77, 312-319, 1995, Mol. 
Microbiol. ,35, 1120-1 134,2000) £?D — >{fcU IS#l*]T£n£;fcfif8S!£i*- 

U^<D$mM*:m^2>Z. £ £H~, Ol cNAc-6P 2-Xtf*5' — 

tfcliG l c N A c — 6 I 5 2 -1^7- tftN-T-fc^/'f ^5. 
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te, fflAWT TMolccular Cloningj (Man i a t i s *>M* Cold Spring Harbor 
Laboratories, Cold Spring Harbor, New York(1982) ) \Ztd,WL0-Jj&\Z.$Er>X 

;W*— hvrj-jfe (Methods in Enzymology, 65, 499(1980)) t> U < te^-f 
~>^x-f — 5^— ^— & (Methods in Enzymology, 101, 20 (1983) ) 

T^CD^M^L^c JMfcWfctt. pBR 3 2 2 (Gene, 2, 95 (1975) ) , 
PUC1 8, p U C 1 9 (Gene, 33, 103(1985)) &£:&«3SWf €>n*. 

Utt, W^tffflMDNA^CIiliffl^nSK 1 2f*, C 6 0 0 j&\ J M 

1 0 5E JM1 0 9i(Gcnc, 33, 103-1 19 (1985))& E jWI'/II nJflBT&S. tf 
JUt'>^<7)N e u A c ft^nTOf^W*«€,-rfcJ6, t? ;Hf >^{^{(Zimf S 
MpJftm-^Wj:<*f^2SA$J*ifc^:J»Ba (WAffW] 4 8 5 1 i p2 (ATCC 

2 5 6 4 5) ) &fti}\ : .£LTW\\-?Z>Z\£ ; bT*&2>o 
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itij)v^0AmmLxwm\Hiz~/^7^^^mxr^-jim a. moi. bioi. . 
53, 159 O970) ) te£iz&QKmui&mmm-?z>z\£tf-v&z>o 

mmm? >n^m^m\zmmt^ &xmm&n ? . juMaMoiftstt, g* 
&&asifr £ © m mm=. fynmmz&^ugzmm*^ m-r &®m &m i>x« 

SlCfottTA^^, 0»JAJ& miffi*hLT^-r3>lgit!j, LB^itli ( 1 % h U 
•7°h>, 0. 5%<-XM + Xh7^h, 1 Sfc(i2XYT^i 

(1. 6%Mjyh>, 1 %^f— 7x h7^ K 0. 5 

M<A^K:Sffl£ttT^&iM£ffll>, 3 0-5 Ot^Jgifi^T 10-50 

Lt77x$ F&mwz.m&izte, i&m'iz&rtz-j^xs. \*<DM,m&M<tzib 
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(2) CMP-NeuAc (Dftffc 
CMP-Ne uAc-&r$LKlis\Z®imirZ>G 1 cNAc> tf>p£4o<fc£jC 

it. MXltttl^tl 1 -5 0 0 0 mM, 07* L < 1 0-1 0 0 0 mM<E>fiS» 

e> mis&t s ci £ # & o 

(NeuAc'J 7— tf &m^tzJj&) 

CMP-Ne uAc (DctF&fcimt* GlcNAc, CM P £>£.ZS¥)V¥>m& 
ISft-t&Eiffo^z, GlcNAc-6P 2-Ilf/7- fe\ NeuAcUT — 
if, *3ck^CMP-Ne uAc > ^ -if £JKJ&?& 1 m L ^ 0 -e-tt-^tt 
0. 2mg|^±, £?£L<te2- 1 0 Omg, 1 - 2 0 % (w/v) 

a&im u 5 o *c^t> jfSKni 5-40^-^1-1 50 mmum. &&\Z £ 

VM.ftVfctfZfcfoZl±%Z\£{z£K>mffi-T:%Z>o 

£tc, ±MRfo\z£>^TiZ, G l c NAc&£tf¥)\,\i>m$:^-?Z>Kfom 
iZ, GlcNAc-6P 2 -Xtf^^-lf^cfctXNe uAc U7-if^«lU 
T, 5 Ot^T, #3= L < it 1 5 - 4 0"CT 1 - 5 0 1^ Pb e J f S H Jfc £ T 
NeuAc^l, ^T'CMP. SWW^CMP-Ne uAc y>t 
tf£»lU 5-50 W1fMf££J&£-ttTCM P-NeuAc £f^Jt-t£ 2 
gt^CD&JfoSrtT -5 d tt'CM P - N e u A c £rnj±£ it & d <h^TT^ 

fc*3, CMPte&^D&N c u AcftBmiZfcfomzmMlsTlois^Thfr 

(NeuAc ~>>-fe^"if ^;iJ^/i^fi) 
CMP-Ne u A c (Dftrktefoit, G 1 cNAc JkUC M P 
(I. GlcNAc-6P 2-Xtf*^ — If, N c u A c ->>-fe^— fe\ iScfctf 

10 
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CMP-NeuAcy >-fe 9 — tf &JEH>f|ij lmL Mi Ac 0 ^-tt-^ft 0 . 2mgW 
-k. L < tt 2 — 1 OOmg, «:«feB?^S: 1-20% (w/ v ) Ml U 
5 0 TCJ^TK, L < 1 5~40t-ei-] 50 WrfRHSIffi, «k 0 L 

e> ^ & d £ \z cfc o & o 

& . t ^ * x ry a *5 «t x * ; u - «r £ jjn T § o tW * L v > 0 

7L\£ 1 — 1 0 0 0 mM, L < 1 0 — 400 mMODflSffl^ ^it^tS Z. 

^Ai^ffltSCt^Tt. ^-CDfiffflliJ^<hUT«l -1 0 0 OmM©«SBH^ 
iW-iEtLTH ^n-x, 777I — X, ^ a fit 

5 0 0 0 mM, L < 1 0 - 1 0 0 0 mMOlBHrt* ^ii^C^-T -5 Z. £&T' 
Z<D£5\Z Lxm^ntz CMP-NeuAcH ffi^t? Wtf- H <£>M<£>iM 
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DN A U ^-t'Ci^DNAl.^, M (I X M ffi 0) m '11 tr.ft & ^ T 
TMolccular Cloning, A Laboratory Manual, Second Edilionj (Sambrook^ 
8i. Cold spring Harbor Laboratory, Cold Spring Harbor, New York (1989)) 
(C^oTffo^. $ltz. mmmm. Ampl i T a q DNA^ U J* :7— fe\ T4 

K»I'©CMP-Ne uAcW^f^iHPLC^tCctDfj'o^o > n i 
^tfjlZte. Ml:«YMCt.^ODS-HS 3 0 2*7A^Rk falWWt L 
TlmM ^-h^y^UTV^E-^ASStfglS, 5 OmM Sfc&^*->#AJ#iiic 
Srffll^fc. NeuAc^CMIlCttHPAE-PADSlCJ;?) 

hp l cic<fc off ofcc 5>«t, 

CarboPac PA1*7A, ED4 0»\ MibTAt (0. 1 
N NaOH) £Bi# (0. IN NaOH, 0. 5M BtBSth'J^A) 

( 1 ) N - T-feTMM -f 7 ^ >m U 7— fcf&3- n a n A jHS-7-0>£ 
~>^* 

Haemophilus inf lucnzacCH. influenzae) R d tftCDtfe'&W 
DNA (ATCC5 1 9 0 7D) ^f>^l/- hi It, WTl:?<t2 
M©:/^V-DNA£ffi&Kt£oT^r/i!cL, PCRgilCfcOH. 
inf 1 u e n z a e ON -7-fe5\M/y -T 5- 5 >M U 7— tf (n a n A) jfifoT 

y°^^T— (A) : 5' - CACCATGGCGAAGATATTGCCGCTCAAACTA -3' 

(mvmn- 1 ) 

y°z>"(~?— (B) : 5' - CCGAATTCATTTATGACAAAAATTTCGCTTTCAAG -3' 

<H2*>JflM-* 2 ) 

PCRl:i*nan AMVYWJM.ifci, /xito'tfi 1 0 0 u L 'I' (50 mM Jftfb 
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#'J r >A, JOmM h'JXM (pH8. 3), 1. 5mM ViikW^isO 
A. 0. 00 1% r>^l/-hDNA0. 1 // g % ~/^4l- 

DNA (A) (B) ^0. 2/iM. Amp 1 i T a q DNA^'J^7-t' 
2. 5a-'y h) £Pcrkin-Klmcr Cctus Inst rumen \#M DNA Thermal Cycler^ 
ffltrvr, (94t, 1*» . TX-U>^ (5 5°C, 1. 55» . 

7-fif"y3> (7 21C, 3#) ©Xt- :/£ 2 5 l§lii&9 igf C iitCct Ofro 

U 7K^tt:®^{C2fg^(Dx^y-;i/^^lioLDNA*»$-a-/io JJLJftaaJKL 
fcDNAfcXSK (Molecular Cloning, miizB) ©Ml:foT7^D-xyM 
^*WlilckO»«tL. 1. 2 k bffiS©DNAlrH-^ilSLL iDNA^M 
SHUN c o I JkXSE c o R I TtfJBfrU M C < MmmmN c o I RZSE c o R I 
TiftUc^XSKpTrcQGA (Pharmacia Biotech. *i:<fc0A^) d:T4 
DNA'J#~ £fcfflHT&i*8Lfc. 3t«SJRit^«rffl^T^:IBIS J M 1 09«i 

(ATCC 5 3 3 2 3) &JgfWsaiL, f#6>nfcT > bf > U >WttJ&«*K&te<fc 
D^X^HpTrcnaii A$:#lUfco pTr c n anAli p T r c 
9 9 A© t r c ^P* — ^ — c o I - E c o R I tfJfcFrg&ftiZH. 

inf luenzaeOna n AJfie-T-W^jgJfi^S^WfSDN ARffM^Jff 

(2) GlcNAc-6P 2-Xtf;*^ — ^3-Hf§n anElfif©^ 
D-x>y 

H. influenzae RdifOMDNA^r^lz-htlT, t( 
TK^-T 2«iB<Z>:/5'f A^MoTMU P C R&dcfc V) H. 
inf 1 u e n z a e ©G 1 c NA c - 6 P 2 -xfc? — if (nan E) i& 

7? 41— (C) : 5' - GGTCTAGATTTAAATGAGGGGTGTTATATGT -3' 

13 
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<ft!*W*3) 

y^^C?— (D) : 5' - TCGTCGACTTATCTTGCAGATTTCACTGAATTAGCAAACCA - 

3' 

PCRt:<J;§nan EatfS^OtfMSItt, fcf&m 10 0 u LM J (50 mM J£v<b 
ft'J^A, 1 OmM MJXli (pH8. 3), 1. 5mM mt^^f^^O 
A, 0. 0 0 1%^7f>, f>^l/-M)NAO. l/*g> ^7<7-DNA 
(C) (D) &*0. 2/.tM, Amp 1 iTaq DNA^iJ/7- tf 2. 5 
rLXy M £rPcrkin-Elmcr Cctus Instrumental^ DNA Thermal CyclcrSrflW* 
T, mm®. (94t, 1#) . 7~-V>>f (55t, 1. 5#) , #1)*^ 
If- is a > (7 2t, 3#) <DZ>7-*j7&2 5®^ Dig-Til t\Z&K)ft-D fz 0 

Jte^HMBft, S«7i;-v^DDt^A (l : l) ^-£*&-e£i31 

fcDNAS:Xltt©*Sj (Molecular Cloning, l:toT7^/P-xyM 
M&KjKckD^gtU 7 2 0 b*Bij©DNAi^tt-£MMbfco iDNA^WSi 
iXbalMSal ITW*rU [WJtX fflimmx b a I MS a 1 I TiBffc 
Lfcy^Xa h'pTr c 9 9 A d: T 4 D N A >J ii-if ^Ti«S Lfe. MiJK 

*Kifefls«t D^7X>HpTrc-na n E ^WLf;, pTrc-nan E 
pTrc99A«t rc b a I - S a 1 I WWrSMftteH. 

i n f luenzaeOnan Eitfr^-O^M^-f^^WT^DN ABfrJ 1 , 

( 3 ) n a n A, nan FMfc-f}m$l7 z> X ^ KOfflffi 
J-.SB ( 1 ) 5 ftfc pTrcnanA77X$ H &ffi"J|SSfi*:& Ncol, 
E coRI TW»rU n a n A&foT&fmN col- E coRI WfJ-'f &7#P 

-xy;^ft*fib€:>ijViTh:i|iKLfc. en&inji;< n c oi, ec ok i rmit 
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Lfz.tmi ( 2 ) T-m^ntz P T r c - n a n 15 7°^ X 5 H t T 4 D N A7<y- 
X£fflVvTjg.(*SLfc. ^(7)^iJK^^«)^T7</jMl J M 1 0 9tt£J£ft&ft 
U f# > fc? > U >Wtt^K(g«M*J: 0 7 7X5 H p TrcA E L 

fe 0 pTrcAEIl p T r c 9 9 A(D t r c 7'D€- ^ — Tifa(DN c o I - 
Sail mm&mzH. influenzae ©nan A, nan Em&rf'&Wl 

mmfc^&^m-tz dna wftm%Az nrz t> <dx*$> 

(4) NeuAc ©^J& 

*J»a&"W 1 4 8 5 1 i p 2 (ATCC 2 5 6 4 5) (3) T«KSLfcy 

7X$FpTrcAE«$t, 1 0 0 /i g/mL©7>tf->'J 

tn2X YT mttil 5 0 0m L lC*fiM I, 3 7 *C tHi 5 i&SS L fco MfttkOfi 

1 x i o'fi/mLfciLfcW, mmm\zmi&mmo. 2mMl:^§ t fc^l; 
-fV^DtfJP0-D-ft^7^Mf7yyH (IPTG) £»lU Z *>iZ 
3 7"CT*2 6NffWSt-5«*SrttJtfc. «ili»T«, (9, 0 0 OX 
g, 1 0^» iCit) 2 5mLlgilg^©Ift:5 0mg£[HliKL, :ni:i0 0 
mM GlcNAc, 2 0mM i&fcv^v^^ 5 0 mM ^;i/3-X, 
3 0 0mM tf;i/tf>BS^-h«J^A, 0. 5% (v/v) *i/U>$:1Stt'fZ> 

2 0 0 mM U U r7 AiTOJftfc ( p 1 1 8 . 0 ) 5 m L £»l L, 2 8 "CTifi 
#U&#£JRjfc&fTofc. 14, 2 4B-WH 1 OmgOtf^k^flT-H'JO 
A£»l U 4 8 B#Ph e JTKJ«£ lOOt, 5 #ra©*MM&-r£ - 

mtztto nznrcjxmm&ffitmmiiPLc (hpae-pad, yur* 

ZXHO T°tttfrlstz£Z\?>, 4 3. 7mM©NeuAcO.W«nf;. 

fciHflM (pTrc99A7°7X5 F^t5«Wl 4 8 5 1 i p 
2 ) &m^Tm$<DKh&&n-Drz.tf. N e u A c <Z)^.J5K&«IHl-r* :<h(illi^ 

(0. 5mMOT©<M) . 

(5) CMP-Nc uAc ->>-fe^— fe'&D- Hi"*n e uAKroi'D-c 

15 
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H. influenzae R d**©$fc{fi#DN A £^>^ l/~ h t UT, U 
K IC 2 ffigi O 77-f?-l)NA iCfoTML, PCR & CiDH. 
i n f 1 u e n z aeOCMP-NeuAc ->>-fe^— if (n c u A) MVT'& 

(E) : 5' - TGCCATGGTGAAAATAATAATGACAAGAA -3' 

(mmn 5 ) 

y'^^^T— (F) : 5' - AACTGCAGTGCAGATCAAAAGTGCGGCC -3' 

(Kfll#^6) 

P C R n e u A5fi^©J«Hitt» JKfcift 100/iL 4' ( 5 0 mM mt 
1 OmM MJXM (PH8. 3), 1. 5mM 
A, 0. 0 0 1%if^>, f>^U-SDNA0. 1/ig, ~7°^-i 7-DNA 
(E) (F) ^0. 2tfM. AmpliTaq DNA^ ! J/7- if 2. 5 
a." y h) £Perkin-Elmcr Cctus Inst rumen tf±§2 DNA Thermal Cyclcr&JIJU 
T, (9 4'C. 15» > TZL—\)>>f (5 5t), 1. 5#) , tfU*^-f 

if-va> (7 2*0, 3#) 0Xf7^2 5 (Sift OjEfCiJCiOffofc. 

U 7K^-iS^c2fg§©x^y— ;i/^j^j|jnLDNA*jt|gj:S^fc. MtsliRU 
7tDNA£;$CitJc<D7j& (Molecular Cloning, wM) 17 tfu-^?)li)& 

mm\Z£K)ftMl^ 7 2 0 bffiSCDNA^^iib^ iDNAMi 
iNcol s t I N C < ffiiJPgB?&N c o I I ItZfP s t I TrtPj 

fkLfc^XS FpT r c 9 9 A t T 4 D N A 'J ^-fef $«1^TM Ufc. illifcfi 
TO^I^T^ifJMl 0 9«c£raK<E«U mt>ftfz7>¥is*)>mm& 
Rteffc#<k 0 X 5 F p TrcsiaBN P L fc. p T r c s i a 

BNPd pTrc99AWt. r c7d€-^-T1©Nco 1 -Ps I I 

n>mz\i. inf lucnzaccnc u Amfc7<Dwmmfc-r-&isHrr & 

1) N A WrJWfli A $nfct>5)Tft5. 
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(6) CMP-Ne uAc V<D&M8L 

-/^XSHpTrcs iaBNP ^WS^W JM1 0 10 0 

// g/mLOT>e->'J >&^WTS 2 x YTift*l!J 1 0 0 m L \Z ffi ffi L > 

0 . 2 5 mMK&S «fc "9 (3 I PTG &«l $6l:3 7tT6 fflU t o 

mzmirzo mmmrm, ftwrn o. oooxg, ] o*» n^om^s: 

IhIJR 5 m L (JOOmM h U ( p H 7 . 8 ) . 10 mM 

MgCl,) K^iBLfc. ^Wj&M^fToTM#:^^U, 3 

(20, oooxg. io ft) iz&omm&2&m : JiLfz B 

NeuAc v>^^-if?£t±^^J&U^$Sm^^Mffi (p T r c 9 
S^IIK- 12ft J M 1 0 9) tmzTtm 1 (C^-To &*5, *38iJH£43tt 
5 CMP-Ne uAc '»t^-l?fittO*fi: U'7h) UTtC^fe 
T5 * -CMP<!:N-7t?Jl/yi'75>i^b<7)CMP-Ne u A c ©ffrfijaS 

(CMP-NeuAc-»t *—Vt£&<DffllSE£m®:<Dnmm) 

5 0 mM N U X&^Mrilfc ( p H 8 . 0 ) , 2 0 mM mt^ v O A , 
5mM CTP&cktM OmM N - TiZ^;U/ -f 5 ^ >ESH, CMP- 
NeuAcy>t^-tf^JDUT3 7 , CT5M^$t§. CMP- 
Ne u A c is>-t?—V<Dftt> (3l:pTrc99A ^^^-5 AfliM J M l 0 9 

JK«(C2fgffi(D7 o%x^/-;u£ifcijtiLT&tk£M-.U ^n^«Lfe 
& H P L C £ <fc * Wr £ fr o & . $>@8 (C liYMC ttW H S - 3 0 2 ft 5 A & ill 
^. WmaittLT5 0mM!!|f7^^y^At I mMf K ?-?J-)\,7 >=E~ OA 

ymwiomfiM&m^tzo 1 1 p l c*>*r*sflw> bMi^toc m p-ncuac 

<7)M&mil U 3 7 tT 1 ^IllJtC 1 ft m olc« C M P -NcuAc & fthMZ> 
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fi5tt«r 1 m& (^-- 7h) iLTCMP-NcuAcx >-fe ^— tfttM: ££«:{[', L 



& 1 





CMP-NeuAc 1/ >-\z 9 — fcfi&te 
(uni t s /in g protein) 


JM109 / pTrc99A 


<0. 01 


JMI09 / pTrcsiaBNP 


2. 4 5 



(7) CMP-NeuAc(D^jc 



'Xmm K- 1 2t* ME 8 4 1 7 (PERM B P — 6 8 4 7 : 1 1 *\ : - 

8^1 s b ^ir/ftmkAmmmm&mzim wm^wmtty*- aitti 

< t^Tfj^L 1 T B 1 1 4 J 5*i!?$ 6 ($&f56#^- 305-8566) ) (c 
±fE! (3) T$H£E/r:7 0 ^X=L FpTr cAE«t, ^n<&, 3 0 0 u g 
/mL(D7'>tfi/U >^tlfr^ 2 X YTtgi|!i5 0 OmLJcJMU 3 7"CT 

&0. 2mMI:^J:^t:lPTG»U $^(C3 7t:T8. 5R$Fb E Jft1<h5 

i&m&mvtzo tmmjm, m^m o, ooox gl 10^ 1:^025 

mL*«ift#<Di§#:5 0mg£[«|i[5(U cn(35 0mM CMP, lOOmM 
GlcNAc, 20mM mt~? V * •> V A , 50mM ?)Vn-7^ 250 
mM \f.)l\d>ffi.-f- hWI*. 0. 5% (v/v) +yl/>mt-52 0 0 
mM V>m*VO MmiM ( p I-l 8 . 0 ) 5 m L £«l U 28t XMW L U 

Scl (6) TP$!JL/zCMP-N e uAc x>-fe?— tf (3. 4 un i t s/inl, 
&'I«)&£/1M Jfift^^S^Ai&ific 1 0 0/<L«L, £rfit 6 2 11$ |!SJ 
JKJtc.; &*5, KfoVmi 4\m>Vmzi 1 OmgcDtfJUt'^^MJ^A 

2 4 > 3 8 MJ&tC 1 1 0 in g ¥)VM >Wti' h U ■!/ A. 1 8 0m g ^;UrJ~ 
X&. 4 8R.'/|iiM{C5 5mg e;Ptf>^^hU^ A> 1 8 0mg^>-7^f 
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fcfom±ffi&HP}.C\Z&iOfttf[l,rz£Z*>, 2 1. 4mM(DCMP- 

n e u a c ^^-r z> z.tmz&t>nfz 0 
\mm i 

(!) CMP2K*-7s£n- F-r^cmkilfc^^ 

J M 1 0 9&<Dm&WDNAZfi~m£=m<Djjni (Biochim. Biopys. 
Ada., 72, 619 (1963)) T«L^MDNA^fMI/-htbT, 

tc^-f 2 mmo)-?? <7-dna ^^-db l> p c r mz& o -xmm 

©CMP^j-f^-X (cmk) IGrf^iiLL 

y^-TV— (G) : 5' - TTGAATTCTAAGGAGATAAAGATGACGGCAATT -3' 

mum^ 7 ) 

Zf?^-?— (H) : 5' - TTGAGCTCTGCAAATTCGGTCGCTTATGCG -3' 

(fifl^JH^8) 

PCRI:J;5cmk l&fc-f-<DmWJ$* fcl&Wi lOOwL^ (50 mM mt?J 
U<?A, 1 OmM hUXM (pH8. 3), 1. 5mM mt^tf^isO 
A, 0. 0 0 1%if^>, f>^l/-hDNAO. 1/ig, ^7-fT-DNA 
(G) (H) &*0. 2 MM, Amp 1 iTaq DNA^'J/7 — \f 2. 5 
V) SrPerkin-Elnicr Cclus Ins t rumen \#M DNA Thermal Cyclcr&JIK> 

t, (94t, 120 , m-u >y (55t, i. 5 5» , #u*^< 

fcDNA^^jlXcO^^ (Molecular Cloning, mfiiB) CfoTT^D- 7.? )V3&. 
$ifoW}\Z£K)ftMV* 7 2 0 b«jy'iODNA»f« -&«!f«Lfc. il)N A&mMft 
*K coRlWSac I TWW U |kJ i; < fMIHlf*$ K c oRlMSac 1 T 
mitLfzy'? X a h* p T r c 9 9 A £ T 4 DNA U 77— tf&/|] ^TilU^i Lfc. id! 
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Uifcim&m^T-Mm j m 1 09 w&mmmL. ra znrz 7' > t° ^ u >%m. 

mmmW£ 0 7 7X = K p T r c C M K A B £iMt Lfc 0 pTrcCMKAB 
te, pTrc99AOtrc ^ot- * — >1©K coRI-Sac I tfJHSfrfM: 
ICAJMO) cmk Jte^OflSjfiJIte-T-Sr^-r N A^KvWASttifc fetf)"? 

( 2 ) cmk, n e u A ite^^Sl 7 7 X S H £>tf§^ 

2**6011 1 T?» £ft& pTrc s i aBNP^7X5 K£rffi!lBIK^N col, 
RcoRI n e u AjHzrjf-&^tfN col — EcoRI mft&TJSu 

-xy;wm^»SrfflViTIeIiRL^:o Eft«:[gi;< N c o I , E c o R 1 "Ciftffc 
Lfc±gHlt«c^l (1) ©pTrcCMKAB77X$H(hT4 7<y-XBI^ 

fc7>fcf->U >IWWiDy7X5 FpT r c SBCKMIL 
pTrcSBCKti pTrc99A©trc Zfu^ — p — ffMON c o I - 
S a c I VM^mzH. inf luenzaeCneu Ajtfe7Rtf:*:JI8&"0!> 

cmk mfc^ommmte? z> d n Am^tm a $ & <o~e$> <&„ 

(3) CMP-NeuAc0^fi£ 

^Jfifll 1 -Vffim UdllM E 8 4 1 7/pTrcAE(D2 5mL J8*#£>|fc 
i#5 0mgi:> lOOmM GlcNAc, 2 0mM mfr??* v-^A, 
5 0mM ^;H3— X, 2 5 0mM tfJUtf h U 0. 5% (v/ 

v) +yL/>mt^2 0 0mM U >P£;*7 U r> Aijgfifffc ( P H 8 . 0) 
2 . 5 m I. Sr^P U 2 8 WSlWLUtf b24 ISfRfjJKJ&SrfT o fz e 

±IB ( 2 ) T'ffim Vtz 7°?7, U'pTrcSBCK &m#-f £ AMM E 
84 1 7tt®2 5mL % j£*>® K&ftitt 50mgtl00 mM CMP, 20 m M 

ttt^y*->^A, 2 5 OmM \d)V\d>f&1r h U ^A^^TS 2 0 OmM 

Uy^J'JyAWS (pH8. 0) 2. 5ml^i]j|li. i©#$»&fTo 
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Kfomitb 2 4 mmm, .ttmm^&mmm 2. 5 m l zmm u 2 s x:x- 

R#fflf£t;: l 1 Omgc t?;u tf >Wtf- MJ A £»i L fc. 

£rffr 4 8 R$ WSrtSft, R(Sifc±ffi£H P L C K«fc 0 $>#r Lit «h d . CMP- 
NeuAcO«ili6. 2 8mMT&ofc. 
3lj»J2 

(i) N-y-t^^y-r ^ = >^->>-tr^— n-rsn e u b i jms-r-<& 

Campylobacter jejuni 1 6 5 2i©^feftDNA^f 
>^U-b£VT. 2 Mi<D 7° =p <i 7-DN A^f^lCt o Tf!r&Jc 

U PCR^tC^DN-T-b^^y-f ^ >iz^ — M (neuBl) i&fc 

7°^-fV— ( I ) : 5' - TACGATTATTTTCCTGATGCTC -3' 

(g2*'J&^ 9 ) 

y-5"f^— (J) : 5' - TCTCCAAGCTGCATTAAACGCC -3' 

(Bfl?iJ#*3- 1 0 ) 

PCRI:<t5neuBl ilfcT-Wtmate, J5JS» 10 0^14' (50 mM m 
ittl U V A, 10 mM h U Xi&it ( p H 8 . 3 ) , 1 . 5 mM *£<fbT v 
•^A. 0. 0 0 1 %-tf^>, r>^l/-hDNA0. 1/ig, 7'7^-?- 
DNA (A) (B) ^«0. 2/tM, Amp 1 i T a q DNA^U/7 — fe* 
2. 50.^7 h) £rPcrkin-Klmcr Cctus Instrumcnt4±$S! DNA Thermal Cycler^ 
ffl^T, (9 4t:, , 7--'J>^ (55t. 1. 5 5» . tfU* 

7<^->3> (7 2*0, 3?» ©Xt7^3 0t«l^05g-rc:«hlCct0f : jo 

MH'-tfHm JK*»&:7x/--;u/:?nDtf;;^ (] : i) iiffiTSW 
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fcDNAHi (Molecular Cloning, mm <£#&t3fifcoT7;tfD-xy;Ufli 
S»»fc«fc0a«U 2. 2 k b*H*S<BDNA»r)t&ffiWLfc. RDNAUfHt 

U MPC R&Hefc 0 C. jeJuniCneuBl atte^**®*® Lfc. 
^7i"7- (K) : 5' -AAGGATCCTCTAGTGAGGCTTATGGAA-3 ' 

(fi£I?'J#^ 1 1 ) 

^'fT— (L) : 5* -GTCTGCAGATTTAATCTTAGAATAATCAGCCC- 3 ' 

(mmm 2) 

PCRta^neuBl jt^roJfiffitt, JKJ« 1 0 0 L f (50 mM Jfi 
fbftU^A, 1 OmM N'JXM (pH8. 3). 1. 5mM Jfiffcv^*-> 
# A. 0. 001%-if^^>, f^lz-hDNAO. 1/ig, y^-TT- 
DNA (A) (B) &*0. 2 tiM. Amp 1 iTaq DNA^U^7- if 
2. 5ZL~yh) £Perkin-Elmcr Cctus Instrument Mi DNA Thermal Cycler£r 
ffl^T, m&tt. (9 4t, 1#) , 7--»J>^ (5 5t, 1. 5#) . 
^if—>3> (7 2t, 3£r) ©Xt7^2 5®MK)M-fZHz£.r)n-D 

%tte?m®&> m^7i7-v^dd^a (1:1) m&m-vmm 

tznNA&7tfn-xy)Vmiii1kW)iZ&K>ftML. 1. 2 k bffl»N A«Jr>V 
Srf&KLfc. iDNA^WBamHlMPs t I T*ML, mC<Mm 
»«BamHIRtfPs t IT' *8 f k Lft^77$ HpT r c 9 9 A 
(Pharmacia Biotech, 8: «fc 0 A r T) tT4 DNA'J #— if £ 
ffl^TigJKfLfc. SfilteJEl6:SJi«rlll^T^:l»ISJ Ml 0 9#c£^M;^U #£>tt 
£7 > If > U >imftfe^^J; K) 7*7 7> 5 K p T r c n c u B 1 &«tt. 
p TrcneuBI te. p Trc9 9A(Dl r c '/a^:— >"j|©B a ml I I 
- P s t I 9J0r3Mft(cC. jejuni ©ne uB I ffiM2rr-©ffiifi3fifc-r-£fr 5 fi 
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t* & D N AR/rtt" ffiW A£ i\tt fo©T^5 ( F KRM BP-8 2 4 8 : : « 1 4 
¥ 6A250 Sftim&fc- A£3Ktt«&&»Bfeffi ftM-^Stfc > ? - ( P * 
«fcU'ft-3 < «TffJK 1 TH 1 mm 1 »1<ifeS$ 6 (ffiWtfr^ 3 0 5 - 
8 5 6 6) ) o 

( 2 ) nanE, neuB] m^imM7° =7 7, ^ Wffim 

±E ( 1 ) tibnfcpT r c n e u B 1 7° "7 7,^ F ZUWm'MB a mi l I T 
tfJBffg, T 4 DN A3i?'J * 5— t?£ffl^TtWWrffi£¥i&teLfc. £ft£ft!llR#* 
P s t I «l, neuBl JUKI'S tf (BamH I ) - P s t I »rfi-£7 

^□-xy;p«^»«rffl^TiEiiiKbfeo f«v>T3sjfi« 1 «> (2) Tt^&nfc 

pTrcnanE77X5H?:3JJWSa 1 IT» T4DNA*U/7 

T'#e>nfcn e u B 1 jtfc^-^tf (BamH 1) - P s t I BfKr££T4 
DNA^'fy-;*£fflV>Tj&*§Lfc. dCOai^^^ffl^TAMl J M 1 0 9 

pTrcNENB^IILL pTrcNENBIt P T r c 9 9 AO) t r c 7° 
Dt-^-TiOX bal-Pstl tfJBrgB&KH. inf luenzae© 
n a n EjUkT*, MtfKC. JeJuniOneuBl ffifcT©#5jtjtt{«T£"& 
WT?>DNA #r>WJfr A $ nfc <b © T & § . 

(3) CMP-NeuAc <£>£r/& 

»MC 1 0 6 1 W (ATCC 5 3 3 3 8) £±83 (2) tiSlfc^X 
Sh'pTrcNENBW^t, ^©«*Hfr5 0mgl:5 OmM CMP, 
1 0 OmM G 1 cNAc, 3 OmM M^^^A, 2 0 OmM 
— 7. 10 OmM bf;Hf>K± h U ^A, 0. 5% (v/v) + ->U>, 4% 

(w/v) rii/^>S?# C*UX>*;i,mWJ:W) , MtflCSJ&ifiW 1 (D (6) T 
iiLfcCMP-NeuAcy>t^-t' (1. 7un i t s/mLJte&fflc) & 
f '7 H £ 1 7 5 m M U > ffc # U A fcS # f ( p H 8 . 0 ) 5 m L & m L> , 
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2 8t:T«t#l>tea*£ 7 2IOTJ£FC ( ;£frofco te*5, KftfJHtfl 14, 2 4, 

3 8, 4 8, 6 2 B^ra^tC 1 8 0 m g VfrU-Ts £^n^tt«l 

Kmm.i:. m £ H P L C iz <k 0 5>#r L tz. £ Z\ 3 , 2 5. 6 m M0C M P - 
N e u A c £fifc*t§8«> e»nfc. 

*$£W<DN euAc'J X—fcf £/f)l>£#&fci:, KtiBfc AT P ^iM^-t^f , 3c 
tf&Gl cNAc, CMP RO: tf t'>i^ C M P - N e uAc^l 

jg-TS £ t ***0«>TBjfil£& 0, CMP-NeuAc <D*ffi-&fi)c£-<h LTfes«>T 

*58W©N e u A c •»t3'-l?&ffl^S^H iMfcATP£« 

t-B-T, jRjES^iz^o^x^xy-;i/bf;nf>Bi (pep) tt£Oi/3-xa>e> 

X*X/-;Hf;Hf>B6 (PEP) Sr^p-rs^S*^«c<, £fli&G 1 cNAc 
WCMP^b 5a W l:CMP-NeuAc5 Z>Z\£ mJi^X^m t U 

0» CMP-Ne u A c ©icl^filcftt LTtoTtti^feTfe^.. 
mz. *fgB^(DN e u Ac ^>-fe^-~ t?£/Bl>£#&teJu ^fgBJJcDN c u A c 
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1. N-7-fe^;U^;U=l1t^ > (G 1 cNAc) . ¥)V\i>m.&&T$i/J-is> 
5' -tyj >^ (CMP) ZtMi-t&Kfomz, BMffifo* N-7-t3-)Ulf)l> 

>- 6'J>i 2 -Xtf* 5— tf (G 1 c N A c - 6 P 2 -XH* 7™ 
-tf) , N-7-fe^;uy-r >B?»JT— tf (Ne uAc U7- tf) &J;cKCMP 
-N-Tiz^;i/y<^^>pgv>-t^— tf (CMP-Ne u Ac 5>>-fe^ — tf) 
fcifoftPU J£J&£i*&;i££#M<hT£> CM P - N - 7iz^)l/ < ^ ^ >Pg 
(CMP-Ne u Ac) ©Mi&o 

2. N-7-£^;i^;U3+t-5> (G 1 cNAc) *3«fctffc?Jl/ tf >B6Sr^-T^ 
SJfclMC, N-7t^;^Jl/3lj-$>-6'J>K 2-Xtf*^-if 

(G 1 c NAc - 6 P 2 -Xtr*^~tf) ^ckcKN-T-fe^-^y-r 7^ >it U 
7— tf (NeuAc'J7- tf) &mimLTN - 7 ?i>m (NeuA 

c) £^j&u m^t, zcDKmrnzi/T-i/^ss' -*:;i)>m (cmp) , g$ 

(CMP-Ne uAc ~>>-tz^ — tf) »bTCMP - N - Tir^U/ -f ^ 5 
>m (CMP-NeuAc) ^^T^k 1 fB«fcCD£!B£& 0 

3. GlcNAc-6P 2-Xtf^^-if, NeuAc U7-WCMP 
-NeuAcy^^-filT, « (ffmfe^^^Ttr) £fc«^(D$LU» 

4. GlcNAc-6P 2 — X kf z> — If <h N euAc'J 7 — M(T>^:%\^i\ 
^^m^^tzM%%mWt. CM P-NeuAc ->>-fe^ — tfis-ta-^^pr ■& 

5. N- > (G 1 cNAc) & cfccK^:/ > 5 ' -t;U 

(cmp) ^^j-r^/x^ic, Rmn*, n- 7'-tz^;uy;unij-= > 6 

U>F£ 2-Xtf*^ — tf (G 1 c N A c — 6 P 2-Xtf*^— if) , N ■ Til 
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^5 >B6^>-fe^— if (NcuAc-»t^-t?) M^CMP --N-- 
T-t^^/^r ^5 >fg->>-b^— tf (CMP-NcuAcx>t^-tf) £«l 
U Sl&^tirS^tSr^i-rS, CMP-N-7t^M<7$>i (CMP 

-NeuAc) (Dmmm* 

6. GlcNAc-6P 2-1^7- if, NeuAcy>t^-tW 
CMP-NeuAcy>t^-t'tLT, Wei Wm£mfc&<&tS) l£tM^:0) 

7. GlcNAc-6P 2 -Xhf* 5— tfiNe u Ac -»-fe^— M<D^%\ 
^ft<Dt&&*m&Z^tzmWfc$kfo£ CM P - N e u A c ->>-t^—tf?gfi-:^W 
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SEQUENCE LISTING 

<110> Yamasa Corporation 

<120> Process for producing cytidine 5' -monophospho-N-acety lncuraminic 
acid 

<130> A02-0095 

<140> 
<141> 

<150> JP2002-208987 
<151> 2002-07-18 

<160> 12 

<170> Patentln Ver. 2. 1 

<210> 1 
<211> 31 
<212> DNA 

<2 1 3> Artificial Sequence 
<220> 

<223> primer for amplification of nanA gene 
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<400> 1 

caccatggcg aagatattgc cgctcaaact a 

<210> 2 
<211> 35 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> primer for amplification of nanA gene 
<400> 2 

ccgaattcat ttatgacaaa aatttcgctt tcaag 

<210> 3 
<211> 31 
<212> DNA 

<2 1 3> Artificial Sequence 
<220> 

<223> primer for amplification of nanE gene 
<400> 3 

ggtctagatt taaatgaggg gtgttatatg t 
<210> 4 

2/6 



WO 2004/009830 



<211> 41 
<212> DNA 

<213> Art i f icial Sequence 
<220> 

<223> primer for amplification of nanE gene 
<400> A 

legtcgaett atettgeaga tttcactgaa ttagcaaacc a 

<210> 5 
<211> 29 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> primer for amplification of neuA gene 
<400> 5 

tgccatggtg aaaataataa tgacaagaa 

<210> 6 
<211> 28 
<212> DNA 

<213> Artificial Sequence 
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<220> 

<223> primer for amplification of ncuA gene 
<400> 6 

aactgeagtg cagatcaaaa gtgeggee 

<210> 7 
<211> 33 
<212> DNA 

<213> Arti f icial Sequence 
<220> 

<223> primer for amplification of cmk gene 
<400> 7 

ttgaattcta aggagataaa gatgaeggea att 

<210> 8 
<2 1 1 > 30 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> primer for amplification of cmk gene 
<400> 8 
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tlgagctctg caaattcggt cgcltatgcg 

<210> 9 
<211> 22 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> primer for amplification of neuBl gene 
<400> 9 

tacgattatt ttcctgatgc tc 22 

<210> 10 
<211> 22 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> primer for amplification of neuBl gene 
<400> 10 

tctccaagct gcattaaacg cc 

<210> 11 
<211> 27 
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<212> UNA 

<213> Arti ficial Sequence 
<220> 

<223> primer for amplification of ncuBl gene 
<400> 11 

aaggatcctc tagtgaggct latggaa 27 

<210> 12 
<211> 32 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> primer for amplification of neuBl gene 
<400> 12 

gtctgcagat ttaatcttag aalaatcagc cc 32 
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